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The southeastern United States leads the world in crayfish 
species diversity but also in the number of crayfish species that 
are listed as Data Deficient under International Union for the 
Conservation of Nature (IUCN) Red List criteria (Richman et al. 
2015), meaning information on distribution, abundance, temporal 
trends, and threats are insufficient to allow a conservation ranking 
according to IUCN criteria. In Alabama, a long-term effort is 
underway to refine the taxonomy and better assess the distribution 
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R E S E A R C H  A R T I C L E
A B S T R A C T
As part of a study of aquatic faunal community changes along riverine-lacustrine transition zones 
upstream of Lewis Smith Reservoir in northwest Alabama, USA, we collected crayfish from 60 sites 
in the Sipsey Fork, Brushy Creek, and selected tributaries (Black Warrior River system).  After finding 
two unexpected and possibly-introduced crayfish species, we expanded our investigation of crayfish 
distributions to include crayfish obtained from stomachs of black bass (Micropterus spp.) caught at seven 
sites in the reservoir.  To explore what crayfish species were in the drainage historically, we examined 
museum databases as well as stomach and intestinal contents of a variety of preserved fishes that were 
caught in the Sipsey Fork and Brushy Creek drainages upstream of the reservoir in the early 1990’s.  Of 
the seven crayfish species collected, one, Orconectes (Procericambarus) sp. nr ronaldi, was not previously 
reported from Alabama, and another, O. lancifer, was not reported from the Black Warrior River system 
prior to the study.  Three are known or possibly introduced species.  Upstream of the reservoir, the native 
species Cambarus obstipus, C. striatus, and O. validus were common.  The same three species were found 
in fish collected in the 1990’s.  Orconectes perfectus was found only in the reservoir but may be native to 
the drainage. Orconectes lancifer was in the reservoir and in stream reaches influenced by the reservoir. 
Evidence points to O. lancifer being introduced in the drainage, but this is uncertain.  Orconectes sp. nr 
ronaldi was found in a relatively small portion of Brushy Creek and its tributaries, in both flowing and 
impounded habitats, and may be introduced.  Orconectes virilis is introduced in Alabama and was found 
only in stomachs of fish collected in the reservoir.
Copyright © 2015 by The Author(s).  Published by the International Association of Astacology. 
This article is distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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of the state’s crayfish. The number of formally recognized crayfish 
species in the state currently hovers around 86. However, many 
gaps still exist in our knowledge of crayfish distributions, especially 
for certain crayfish groups. Primary burrowing species and species 
occupying large waterbodies are particularly underrepresented in 
the historic data, and new species and species records continue to 
be found in Alabama (Schuster et al. 2008, 2015).
Rapidly changing species distributions add to the difficulty of 
documenting distributions over large areas. Factors contributing to 
changing distributions can include land use changes, hydrologic 
changes (e.g., impoundment of rivers, hydrologic connection of 
previously discrete river systems, alteration of water tables), and 
species introductions, both intentional and unintentional. Species 
introductions can contribute to sudden and dramatic distributional 
changes due not only to the addition of the non-native species, 
but also to the extirpation or range contraction of native species 
(Arcella et al. 2014; Richman et al. 2015).
We report on occurrences of crayfish species found in two 
mainstem streams that flow into Lewis Smith Reservoir, as well 
as in the reservoir itself, and compare those to previously known 
crayfish distributions from the streams and reservoir. The species 
were collected while working on a larger study examining 
changes in the aquatic faunal community composition along 
riverine-lacustrine transition zones (hereafter transition zones). 
The transition zones were stream segments that were inundated 
by the reservoir at high pool but flowing at low pool. The main 
objectives of this paper are to document recent occurrences of 
species previously unknown in the drainage and to discuss possible 
explanations for the new records. 
MATERIALS AND METHODS
The study area in northwest Alabama, USA, lies within the 
Warrior Basin district of the Cumberland Plateau physiographic 
Figure 1. Sipsey Fork drainage, including Lewis Smith Reservoir, Alabama, USA, and indirect sampling sites (i.e., fish collection locations). Site codes 
as in Table 1. Symbols for individual species reflect distributions of species whose origin is uncertain. “Other crayfish species” indicates that the site 
yielded at least one of the known native species: Cambarus obstipus, C. striatus, or Orconectes validus. Shaded area is the Bankhead National Forest. 
Inset shows location of the study area in Alabama. Rectangle indicates area of direct sampling shown in Figure 2.
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province, geologically dominated by Pottsville shale, sandstone, 
and coal (Boschung and Mayden 2004). Streams in the province 
typically flow through deeply entrenched valleys and have well-
defined pool-riffle habitat sequences with substrate dominated by 
gravel, sand, slabrock, and bedrock (Haag and Warren 2008), along 
with some cobble and boulders. The Sipsey Fork, a major tributary 
to the Mulberry Fork of the Black Warrior River, was impounded 
by the 91 m high Lewis Smith dam in 1961, creating the 8,580 ha 
Lewis Smith Reservoir (Boschung and Mayden 2004). We studied 
two mainstem streams flowing into the reservoir, Sipsey Fork 
and Brushy Creek, as well as three tributaries to each stream and 
several sites throughout the reservoir (Figures 1 and 2). Both 
streams originated in the Bankhead National Forest, with much 
of the Sipsey Fork headwaters protected in the Sipsey Wilderness 
and the Sipsey Wild and Scenic River corridor. We defined river-
reservoir transition zones as the stream segments impounded when 
the reservoir was at the summer full-pool elevation targeted by 
managers (155.5 m above sea level) but flowing at the typical 
winter low-pool elevation (153.0 m). We determined the transition 
zones based on both elevation contours and examination of habitat 
during reservoir full- and low-pool periods. Both streams had 
potential transition zones of about 8 km. The tributaries were 
relatively small (wetted widths 3 – 7 m), rocky streams that 
typically had little flow in late summer. Because they had steeper 
channel slopes than the larger streams, the transition zones in the 
tributaries were much shorter (< 0.1 – 0.6 km).
Direct Sampling for Crayfish
In the mainstem streams, we sampled every 1 – 3 km 
downstream of, in, and upstream of the transition zones. In three 
tributaries of each mainstem, we sampled from the impounded 
zone, if present, to well upstream of the transition zones. Sampling 
was most intensive and most effective for capturing crayfish 
during low pool in the autumn. We sampled the Sipsey Fork and 
its tributaries in September 2012, Brushy Creek and its tributaries 
and the Sipsey Fork upstream of the transition zone in September 
2013, the lower transition zone mainstem and well upstream of the 
transition zones in tributaries in October 2014, and well upstream 
of the transition zones in mainstems and tributaries in April 2015.
We used a variety of methods to capture crayfish. Although 
some methods were quantitative, the overall effort was a qualitative 
sampling approach aimed at documenting species occurrences in 
a variety of lotic and lentic habitats. Sampling methods in deep 
habitats included boat electrofishing, trawling, and trapping 
(minnow traps with 3.2 cm openings and baited initially with 
canned dog food and later with pieces of fresh fish). In wadeable 
habitats, we used backpack electrofishing, seining, visual searches 
(using mask and snorkel, view buckets, rock flipping, and searches 
for molted carapaces along banks), and occasionally digging of 
burrows along banks.
Indirect Sampling for Crayfish
Our initial crayfish results led us to ask about the distributions 
of crayfish species in the continuously impounded portion of the 
reservoir. We obtained crayfish from an independent, concurrent 
study of black bass (Micropterus henshalli Baker et al. and 
Micropterus salmoides (Lacepède)) diets in the reservoir. Black 
bass were captured via boat electrofishing at seven sites in the 
reservoir (Figure 1; Table 1) from July 2013 to September 2014 
(Table 2). Bass were placed on ice and taken to the laboratory, 
where stomachs were dissected and contents stored in 95% ethanol. 
We attempted to identify all crayfish remains to species.
In an attempt to determine whether certain crayfish taxa were 
new to the study area, we also examined gut contents of potentially 
predaceous fishes that were collected in the Sipsey Fork, Brushy 
Creek, and their tributaries from October 1993 to July 1995, 
preserved in 5% formalin, and stored in 70% ethanol (in part, 
Haag and Warren 1998). These sites were farther upstream in the 
drainages than were most of our recently sampled sites (Figure 
1). We dissected all fish deemed capable of eating adult crayfish 
(assessed subjectively based on fish size and gape size) and 
removed all crayfish and parts of undigested crayfish exoskeletons 
from stomachs and intestines. We attempted to identify whole 
crayfish specimens, as well as the parts, to species.
Genetic Analysis
We used a DNA bar-coding approach to assist in the 
identification of the Orconectes (Procericambarus) sp. collected. 
Initial morphological identifications suggested that these 
individuals were Orconectes juvenilis (Hagen). We extracted DNA 
from two specimens and amplified a region of the mitochondrial 
cytochrome oxidase subunit I gene (COI), a standard bar-coding 
region of the mitochondrial genome useful for diagnosing 
problematic or unknown specimens. Methods of DNA isolation, 
amplification, and sequencing are described in Taylor et al. (2014). 
Following methods described in Kessler et al. (this issue), we 
compared the COI sequences from our specimens to sequences 
from GenBank and from the Kessler et al. dataset, including each 
of the members of the O. juvenilis complex as well as other North 
American crayfish (see Table 2 in Kessler et al. in this issue, 
for details, including GenBank accession numbers). GenBank 
Table 1. Fish collection sites for indirect samples. Site codes beginning 
with “FH” indicate sites sampled from 1993 – 1995, and those beginning 
with “FR” indicate sites sampled from 2013 – 2014.  All sites were in the 
Sipsey Fork drainage, Alabama.  Coordinates are in the NAD83/WGS84 
datum.
Site Location Latitude Longitude County 
FH01 Sipsey Fork 34.25275 -87.36695 Winston
FH02 Flannagin Creek 34.33877 -87.38808 Lawrence
FH03 Borden Creek 34.32987 -87.37766 Lawrence
FH04 Brushy Creek 34.22108 -87.24703 Winston
FH05 Rush Creek 34.27388 -87.25187 Winston
FH06 Brown Creek 34.32082 -87.22515 Lawrence
FR01 Forebay 33.94851 -87.10441 Cullman
FR02 Sipsey A 34.02795 -87.24926 Winston
FR03 Sipsey B 34.06682 -87.26199 Winston
FR04 Rock A 34.02698 -87.10819 Winston
FR05 Rock B 34.06098 -87.14555 Winston
FR06 Ryan A 33.96499 -87.10091 Cullman
FR07 Ryan B 34.07066 -86.96745 Cullman
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accession numbers for the two specimens from Brushy Creek that 
we sequenced are KU168758 and KU168759.
RESULTS
Direct Crayfish Sampling
In Sipsey Fork/Brushy Creek sampling, we collected crayfish 
from 60 sites (Figure 2). Of the five crayfish species we found, three 
were expected [Cambarus obstipus Hall, Cambarus striatus Hay, 
and Orconectes validus (Faxon)] and two were not [O. lancifer 
(Hagen) and O. (Procericambarus) sp. nr ronaldi]. We were aware 
that Orconectes virilis (Hagen) was invasive elsewhere in the 
Black Warrior River system but did not find it in the Sipsey Fork 
or Brushy Creek upstream of the reservoir.
The three native species that we anticipated finding all occurred 
in perennially free-flowing stream segments upstream of any 
impoundment influences, as well as to varying extents in transition 
or impounded zones. Cambarus obstipus occurred frequently in 
the upper transition zones and upstream in both mainstem streams 
and their tributaries (Appendix 1). Orconectes validus had a similar 
distribution in Brushy Creek but also occurred in permanently 
impounded portions of the Sipsey Fork (Appendix 1). In the 
impounded and transition zones of the mainstems, C. striatus 
was found only in burrows near spring seeps; however, at one site 
in Brushy Creek nearly 10 km upstream of the transition zone, 
C. striatus was relatively abundant (Appendix 1). Cambarus 
striatus occurred in every tributary sampled, typically occurring 
upstream of the transition zones.
Orconectes lancifer occurred in the impounded portions of the 
Sipsey Fork and Brushy Creek, as well as in the transition zones 
of two tributaries - one in each watershed (Figure 2, Appendix 1). 
One individual also was caught a short distance upstream of the 
transition zone in Grindstone Creek.
We found O. sp. nr ronaldi only in the Brushy Creek watershed, 
where it occurred in the impounded and lower transition zones of 
the mainstem, as well as slightly upstream of the transition zones 
Figure 2. Direct sampling sites from which we collected crayfish in the Sipsey Fork, Brushy Creek, and their tributaries. “Other” represents sites where 
only known native species (as in Figure 1) were collected. Sites where no crayfish were collected are not shown. Site numbers coincide with those in 
Appendix 1, where collection details are provided.
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in both Brushy Creek tributaries that flowed into the impounded 
zone (Figure 2). We did not find it in collections farther upstream in 
those tributaries. We initially identified the species as O. juvenilis 
because, in addition to matching many other morphological 
features fairly closely, the incisor region of the mandible had a 
straight edge, an important diagnostic character distinguishing 
O.  juvenilis from Orconectes ronaldi Taylor (Taylor 2000). Based 
on morphology, Dr. Chris Taylor (Illinois Natural History Survey) 
tentatively confirmed the identification. However, because the 
study area was far from the range of O. juvenilis, the possibility 
remained that the population represented a new species. 
Comparisons of COI sequences from our Alabama specimens 
to those in Kessler et al. (this issue) and in GenBank indicated that 
the two sequenced individuals were most similar to O. ronaldi. 
On average, sequences from the two Alabama specimens differed 
(uncorrected p-distance) from O. ronaldi by 3.2% and from 
O. juvenilis by 6.6%. Re-examination of the specimens indicated 
that the form I male gonopod was consistent with O. ronaldi, 
although the mandible was not; O. ronaldi typically has a serrated 
edge on the incisor region of the mandible (Taylor 2000). As is 
often the case with crayfish, morphological and genetic information 
were at odds, so for the present, we refer to the specimens as O. sp. 
nr ronaldi. 
Indirect Crayfish Sampling
We examined 18 crayfish from stomachs of 17 black bass 
collected in Lewis Smith Reservoir concurrently with the stream 
study. All 18 were Orconectes, representing four species; however, 
four individuals were not identified to species (Figure 1 and Table 
2). Two of the species, O. lancifer and O. validus, also were found 
during our direct sampling, but the other two, Orconectes perfectus 
Walls and O. virilis, were not. Orconectes perfectus was found in 
fish stomachs from the Rock and Ryan creek arms of the reservoir 
as well as in the forebay of the dam and was collected over three 
months. We obtained a single O. virilis from a fish in the Ryan 
Creek arm of the reservoir. Given the generally high site fidelity 
and small home ranges documented for both largemouth bass and 
spotted bass in reservoirs (Warden and Lorio 1975; Winter 1977; 
Fish and Savitz 1983; Copeland and Noble 1994; Hunter and 
Maceina 2008), it is likely that most fish were collected within 2 
km of where they fed on the crayfish.
At least 44 crayfish occurred in the stomachs and intestines of 
32 individual fishes collected from streams in the 1990’s. Nine of 
the crayfish could not be identified to genus, and 17 were identified 
to species with a high level of confidence. Because crayfish were 
removed from the intestines as well as the stomachs of these fishes, 
more small crayfish parts were encountered, relative to the samples 
from bass stomachs, making identifications more difficult. Both of 
the C. obstipus found in the fish guts came from fish captured in the 
Sipsey Fork mainstem, but six of the seven C. striatus came from 
fish collected in tributaries (Table 2). Four O. validus came from 
the Sipsey Fork mainstem, and the remaining 10 came from its 
tributaries. Because O. lancifer has the most distinctive rostrum, 
chelae, and gonopods of any crayfish in the study area, it is highly 
unlikely that it was overlooked in our evaluation of these samples.
Table 2.  Crayfish obtained from fish guts. Site locations given in Table 1. 
Question marks indicate uncertainty about identifications.  “Sp.” indicates 
that crayfish or their parts were identified only to genus.  “Cray” indicates 
the presence of crayfish parts that were not identified to genus.  Crayfish 
were obtained from the following fish species (number of individuals): 
Ambloplites ariommus Viosca (4), Ameiurus natalis (Lesueur) (3), 
Esox niger Lesueur (1), Lepomis cyanellus Rafinesque (1), Micropterus 
henshalli (22), M. salmoides (1), and M. warriorensis Baker et al. (15).
Site Location Crayfish Number Date
FH01 Sipsey Fork C. obstipus 1 6/13/1995
FH01 Sipsey Fork C. obstipus 1 7/19/1995
FH01 Sipsey Fork C. sp. 2 12/28/1993
FH01 Sipsey Fork C. striatus? 1 4/14/1994
FH01 Sipsey Fork cray 2 12/28/1993
FH01 Sipsey Fork O. validus 2 7/19/1995
FH01 Sipsey Fork O. validus? 2 12/28/1993
FH02 Flannagin C. striatus 3 5/16/1995
FH02 Flannagin C. striatus? 1 4/14/1994
FH02 Flannagin cray 2 6/12/1995
FH02 Flannagin O. sp. 2 4/2/1995
FH02 Flannagin O. validus? 1 4/14/1994
FH03 Borden C. sp. 2 10/26/1993
FH03 Borden C. sp. 1 4/3/1995
FH03 Borden C. striatus 1 4/3/1995
FH03 Borden cray 1 4/3/1995
FH03 Borden O. sp. 1 5/17/1995
FH03 Borden O. validus 4 10/26/1993
FH03 Borden O. validus 3 4/3/1995
FH03 Borden O. validus? 1 10/26/1993
FH04 Brushy O. sp. 1 10/27/1993
FH05 Rush cray 1 5/15/1995
FH05 Rush O. validus 1 4/5/1995
FH06 Brown C. sp. 1 5/15/1995
FH06 Brown C. sp.? 1 10/27/1993
FH06 Brown C. striatus 1 10/27/1993
FH06 Brown cray 1 10/27/1993
FH06 Brown cray 1 5/15/1995
FH06 Brown cray 1 6/12/1995
FH06 Brown O. sp. 1 6/12/1995
FR01 Forebay O. lancifer 2 7/21/2014
FR01 Forebay O. perfectus 2 3/10/2014
FR02 Sipsey A O. lancifer 1 9/25/2014
FR02 Sipsey A O. sp. 2 9/25/2014
FR02 Sipsey A O. validus 1 1/11/2014
FR02 Sipsey A O. validus 1 9/25/2014
FR03 Sipsey B O. lancifer 1 1/11/2014
FR04 Rock A O. perfectus 2 9/25/2014
FR05 Rock B O. perfectus 1 9/25/2014
FR05 Rock B O. perfectus 1 11/6/2013
FR06 Ryan A O. perfectus 1 9/24/2014
FR07 Ryan B O. sp. 1 11/5/2013
FR07 Ryan B O. sp. 1 7/8/2013
FR07 Ryan B O. validus 1 7/21/2014
FR07 Ryan B O. virilis 1 8/5/2013
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DISCUSSION
Our results raise several questions about the origins of the 
crayfish in the drainage. Of the seven crayfish species collected 
in the study, one, O. sp. nr ronaldi, was not reported previously 
from Alabama, another, O. lancifer, was not reported from 
the Black Warrior River system prior to the study, and a third, 
O. perfectus, was known from only one tributary record (Ryan 
Creek) in the Sipsey Fork drainage (Smith et al. 2011). We 
placed crayfish species we collected into three categories: native, 
non-native, and unexpected species that may be native or non-
native. Three possible scenarios could apply to the unexpected 
species: 1) they are native to the Sipsey Fork drainage but were 
previously undetected, 2) they are not native to the drainage but 
arrived through natural range expansions as aquatic habitats were 
drastically altered, or 3) they were introduced by humans, either 
intentionally or unintentionally. Below, we further explore these 
scenarios for the unexpected species.
The native species include C. obstipus, C. striatus, and 
O. validus. The Sipsey Fork is within their known native range, 
many previous records of these species exist, and all were found in 
fish guts from the 1990’s. Orconectes perfectus has one previous 
record from the Sipsey Fork drainage, but is reported from 
numerous lotic habitats elsewhere in the Black Warrior River 
system above the Fall Line (Schuster et al. 2008; Smith et al. 
2011). Hobbs (1989) noted that the species is widespread in the 
Tombigbee River system, although he did not indicate if it occurred 
upstream of the Fall Line. Although the origins of O. perfectus in 
the Sipsey Fork drainage may never be known with certainty, we 
have no basis for assuming that the species was introduced.
Orconectes virilis is not native to Alabama, but now occurs 
in lotic habitats in at least five river systems in the state (Schuster 
et al. 2008). Its native range is large, encompassing parts of the 
Mississippi, Missouri, and Ohio river basins and extending into 
New England and Canada (Pflieger 1996; Hamr 2002; Filipová et 
al. 2010), and it is also widely introduced, including introductions 
to at least three countries and seven states by 1989 (Hobbs et al. 
1989). The previous collections of O. virilis in the Sipsey Fork 
drainage were made in 2010 in Borden Creek at Bunyan Hill Road 
in the Sipsey Wilderness, and in 2010 – 2011 in Ryan Creek (Smith 
et al. 2011), an eastern tributary of Lewis Smith Reservoir that 
flows near Cullman, AL, the largest city in the drainage. Given that 
O. virilis is a successful invader elsewhere in the southeastern US 
(e.g., Cooper and Russ 2013) and has two previous records in the 
drainage, it is somewhat surprising that it was not more prevalent 
in our samples. Evidently the populations in the drainage remain 
localized, and the disjunct records may be indicative of humans 
moving the species, possibly as bait, rather than of dispersal from 
one point in the drainage. We sampled Borden Creek at Bunyan 
Hill Road (latitude 34.3094, longitude -87.3950, map datum 
WGS84) in October 2015 (three person-hours of turning rocks and 
dipnetting) and found no O. virilis, suggesting that the population 
has not thrived, if it ever became established. 
The O. sp. nr ronaldi population in Brushy Creek was disjunct, 
occurring far from the known native ranges of either O. juvenilis 
or O. ronaldi (lower Ohio and Cumberland river drainages, 
respectively; Figure 3). Because of the distance from either of those 
native ranges, it appears highly unlikely that the species arrived 
in the Sipsey Fork drainage by natural colonization. Further, the 
localized distribution of the species in the drainage points toward 
a recent introduction. Although unlikely because of its restricted 
distribution within the Sipsey Fork system, the possibility 
remains that the population represents a new species native to 
the study area; alternatively, it could be an introduced hybrid of 
O. juvenilis and O. ronaldi. The juvenilis complex of the subgenus 
Procericambarus also includes the highly invasive O. rusticus, 
a species that has spread rapidly, displaced native crayfish and 
other aquatic fauna, and caused a variety of ecosystem changes 
throughout much of its introduced range (Hamr 2002; Olden et al. 
2006; Bobeldyk and Lamberti 2010); therefore, the presence of a 
closely related taxon from the same species complex in the Sipsey 
Fork drainage is cause for concern if it is non-native.
The origins of O. lancifer in the drainage are also unclear. 
The known native range of O. lancifer encompasses the Lower 
Mississippi Alluvial Valley (Taylor and Schuster 2004; Walls 
2009) and the Gulf Coastal Plain from eastern Texas to Mississippi 
(Hobbs 1989) (Figure 3). Beyond the Mississippi River basin, 
O. lancifer records are scattered across the Coastal Plain in 
Mississippi and Alabama, especially near the Gulf Coast (Figure 3, 
Appendix 2). A 1972 record (USNM #146126; Appendix 2) from 
the Tombigbee River south of Columbus, Mississippi, predates 
construction of the Tennessee-Tombigbee Waterway. Other locality 
records prior to 1980 (the earliest from 1964) include one site in 
the Pascagoula River drainage in southeast Mississippi (USNM 
# 209191) and two sites in the lower Alabama and Mobile rivers 
in southwest Alabama (Figure 3) (Schuster et al. 2008; Smith et 
al. 2011). From 1980-1994, records of the species were found for 
neither Alabama nor Mississippi outside of the Mississippi River 
basin. From 1995-2011, O. lancifer was found in five additional 
sites east of the Mississippi River Basin: in the Pearl (one site) 
Figure 3. Approximations of the known native ranges of Orconectes 
lancifer (Pflieger 1996; Taylor and Schuster 2004; Morehouse and Tobler 
2013; but see also Fitzpatrick 1987), O. ronaldi, and O. juvenilis (Taylor 
2000). Black circles indicate additional records of O. lancifer from 
Mississippi and Alabama outside of the previously published native range 
and prior to our study. Stars indicate additional O. lancifer records outside 
of our study area (shaded area in northwest Alabama) collected after our 
study began. The bold line arcing through Alabama indicates the Fall 
Line, demarcating the Coastal Plain from upland provinces.
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and Pascagoula (three sites) rivers in Mississippi (unpublished 
data; Fitzpatrick 2002) and the Tensaw River (one site), Alabama 
(Schuster et al. 2008; Smith et al. 2011)(Appendix 2). Since we 
found O. lancifer in the Sipsey Fork River system in 2012, the 
species has been found in six additional sites in Alabama outside 
of our study area (Figure 3 stars, Appendix 2). Five of the sites 
were along or downstream of the Fall Line in the Black Warrior 
River system, and one was in Pickwick Reservoir in the Tennessee 
River system below the Fall Line. 
The O. lancifer records along the coast may indicate that the 
species is native along the coastal portions of Mississippi and 
Alabama. Indeed, Fitzpatrick (1987) showed the range extending 
in a narrow band slightly north of the coastline across southeast 
Mississippi and southwest Alabama. The 1972 record from the 
Tombigbee River also could be indicative of the native range 
extending farther north in that river or could reflect an early 
introduction to the system. In addition, the recent records from 
Tuscaloosa County, Alabama, could be taken as evidence that 
O. lancifer is native to the Black Warrior River system; however, 
likely introduction points are present near these sites. Sites in 
cities are likely candidates for introductions of crayfish used 
as bait, pets, or classroom animals. The Moon Lake site in the 
Black Warrior River system is <100 m from a former crayfish 
(Procambarus clarkii (Girard)) aquaculture pond, and the species 
could have spread from that location. The native ranges of 
P. clarkii and O. lancifer overlap substantially (Walls 2009; Green 
et al. 2011), and, thus, transport of P. clarkii for aquaculture could 
also inadvertently introduce O. lancifer. 
Habitat in the native range of O. lancifer is generally 
characterized by low topographical relief, deep (> 0.5 m), sluggish 
or sometimes lentic waters, and mud or silt substrates (Pflieger 
1996; Taylor and Schuster 2004; Walls 2009; Green et al. 2011). 
The Sipsey Fork’s location on the Cumberland Plateau and its pre-
impoundment habitat, including deep gorges (some incised more 
than 50 m below the surface of the plateau), rocky terrain, and 
well-developed riffle-run-pool habitats (Williams et al. 2008), are 
atypical for O. lancifer. Confirming the unsuitability of the natural, 
riverine habitat in the drainage, O. lancifer was not detected in our 
sampling upstream of the transition zones in either mainstem river, 
and only once in a tributary (<100 m upstream of the transition 
zone). Although O. lancifer occurred in fish stomachs from the 
reservoir in 2013-14, it did not occur in fish guts sampled far 
upstream of the reservoir influence in the 1990’s. Taken together, 
the pre-impoundment habitat in the Sipsey Fork and the lack of 
historic records upstream of the Fall Line suggests that while 
O.  lancifer may be native to the Tombigbee River system, it likely 
is not native to the Sipsey Fork. 
If O. lancifer is not native to the Sipsey Fork, it could have 
arrived there via natural range expansion or introduction. As 
rivers were impounded in the Black Warrior River drainage, 
lentic habitats were created that were likely more favorable 
than the original rivers above the Fall Line for O. lancifer, and 
the species may have colonized these newly-altered habitats on 
its own; however, this scenario seems unlikely. If introduced, 
the introduction is probably not recent, because the population 
appears to be established throughout at least the western portion 
of the reservoir. The species occurred all the way from the dam up 
into the transition zones in both the Sipsey Fork and Brushy Creek 
arms of the reservoir. Curiously, we did not find the species in 
fish stomachs from the Rock or Ryan creek arms of the reservoir; 
however, sample sizes were small.  
Although the source of any of the introduced or possibly-
introduced crayfish species in the system may never be resolved, 
the results highlight two issues. The first is that large water bodies, 
both rivers and lakes, in the USA are poorly-sampled for crayfish, 
leading to situations where the native or introduced status of 
species is uncertain. The second is that a better understanding 
is needed of the pathways of crayfish introductions. Intentional 
introductions (e.g., release of pets or bait) of the species in our 
samples are possible, but unintentional introductions seem more 
plausible. These could happen by escape of live bait, but also by 
contamination of fish shipments during stocking operations. The 
latter has received little formal attention but is being increasingly 
suspected by biologists in the field.
We recommend redoubled efforts to understand the pathways 
of crayfish introductions into the Sipsey Fork drainage and at a 
broader scale. Once non-native crayfish species are established 
in a large watershed where desirable crayfish are also present, 
eradication is not feasible and control is expensive (Sandodden 
and Johnsen 2010; Lodge et al. 2012), making prevention a 
high priority. However, effective prevention efforts require 
first understanding how introductions are occurring. We also 
recommend establishing a crayfish monitoring program in and 
upstream of Lewis Smith Reservoir to document any spread of 
the non-native populations and effects on native crayfish species. 
Finally, we suggest that increased effort to sample crayfish in large 
water bodies is essential to understanding the distributions of 
native crayfish and the extent to which crayfish translocations are 
an issue in North America.
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SUPPPLEMENTARY INFORMATION
The data in the appendices below are also available in 
electronic format from the publisher’s website.
Appendix 1. Crayfish direct sampling sites, locations, dates, 
methods, and crayfish collected.  All sites were in Winston County, 
Alabama, USA. Latitude and longitude are in decimal degrees in 
the NAD83 or WGS84 datum.  “Total crayfish” gives the number 
of individuals of the species in the collection. US Forest Service, 
Center for Bottomland Hardwoods Research (CBHR) catalog 
numbers are given.  “Electrofish” indicates backpack electrofishing 
unless “boat electrofish” is specified. Question mark indicates 
uncertainty about identification.
Appendix 2. Collection records for Orconectes lancifer in 
Mississippi and Alabama outside of the most commonly published 
native range.  Latitude and longitude are in decimal degrees.  Where 
known, the map datum is indicated.  Month, day, and year of collection 
are given.  The name of person identifying (ID) the specimens 
and the year identified are indicated, if known.  Georeferencing 
information refers to assigning latitude and longitude to locality 
descriptions from museum databases.  Source abbreviations are as 
follows: GSA - Geological Survey of Alabama, Tuscaloosa, AL; 
INHS - Illinois Natural History Survey, Champaign, IL; MMNS 
- Mississippi Museum of Natural Science, Jackson, MS; USNM 
- National Museum of Natural History, Washington, DC; and 
TUMNH - Tulane Museum of Natural History (crayfish collection 
now housed at MMNS).  Export date is date records were extracted 
from original database and sent to authors.
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